Water-quality "super" gages (also known as "sentry" gages) provide real-time, continuous measurements of the physical and chemical characteristics of stream water at or near selected U.S. Geological Survey (USGS) streamgages in Indiana and Kentucky. A super gage includes streamflow and water-quality instrumentation and representative stream sample collection for laboratory analysis. USGS scientists can use statistical surrogate models to relate instrument values to analyzed chemical concentrations at a super gage. Real-time, continuous and laboratory-analyzed concentration and load data are publicly accessible on USGS Web pages.
How Does a Water-Quality Super Gage Operate?
A continuous water-quality gage (known as a super or sentry gage) uses in-stream instruments to measure streamflow, water-quality characteristics, nitrate, and phosphate many times a day and throughout the year. Traditional, intermittent water samples can miss changes in water quality that happen at night, during storms, and when it is not practical or affordable for a sample team to operate. A statistical model can be used to combine continuous and intermittent watersample data at super gages so that constituent concentrations and loads (such as pounds per day) can be continuously computed. The operation of a super gage has the following components:
• Measurement of stream stage and streamflow. An instrument continuously measures stream stage (also known as gage height), which is related to routine measurements of stream velocity in order to compute instantaneous streamflow (also known as stream discharge) in cubic feet per second. Understanding flow conditions and how physical and chemical characteristics of stream water respond to flow changes are important to increasing overall understanding of stream-water quality. For example, some water-quality characteristics and concentrations increase due to overland runoff during high streamflow conditions, while others can decrease or be diluted during high streamflow.
• Turbidity is commonly used as a surrogate for suspended-sediment concentration. Daily, monthly, and annual loads can be computed and compared to understand seasonal and annual variability.
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Immersible instruments used to measure water quality at U.S. Geological Survey super (sentry) gages. 
Nitrate Monitoring of the Lower Green River, Kentucky
The Lower Green River Basin is a highly agricultural area in Kentucky that was selected as a priority basin for the Mississippi River Basin Healthy Watersheds Initiative (MRBI) led by the Natural Resources Conservation Service (Natural Resources Conservation Service, 2008) . The goal of the MRBI is to improve water quality while maintaining agricultural productivity. Since 2013, the USGS, in cooperation with the Kentucky Governor's Office of Agricultural Policy, has been measuring continuous nitrate concentrations and computing nitrate loads discharged from the Lower Green River to the Ohio River, a major tributary to the Mississippi River. These data are critical for evaluating the effectiveness of agriculturalnutrient management plans and strategies implemented in the basin. 
INDIANA
Eagle Creek flows through the town of Zionsville, Indiana, in southeast Boone County, north of Indianapolis. The USGS has operated a super gage on Eagle Creek since 2010 as a demonstration and test site. Water-quality instruments, a weather station, soil-moisture probes, and a remote video camera have been used to showcase the wide variety of real-time, continuous data that can be served at a super gage. The site also has been used by USGS to test different types of water-quality instruments such as nitrate sensors and analyzers. Eagle Creek at Zionsville is an important super gage for understanding the effects of land use on water quality. Since 2000, the town has more than tripled in size and the watershed is transitioning from agricultural to suburban land use. Eagle Creek is the major tributary to Eagle Creek Reservoir, a water source for the Indianapolis public water supply that experiences episodic algal blooms from possible nutrient enrichment. 
Sediment and Nutrient Monitoring of the Kankakee River, Indiana
The Kankakee River Basin in northwestern Indiana drains 2,989 square miles and includes the Kankakee River and Iroquois River, which flow into the Illinois River west of the Indiana-Illinois border. The Kankakee River Basin Commission (KRBC) coordinates management activities for flood control, recreation, water quality, and soil conservation in Indiana (Kankakee River Basin Commission, 2014). The Grand Kankakee Marsh was drained in the past century, and the Kankakee River and many of its tributaries were channelized to promote drainage for agricultural land.
Since 2012, the USGS, in cooperation with the KRBC, has measured continuous turbidity and stream discharge at three super gages to understand the concentrations and loads of suspended sediment transported in the Yellow River, a major tributary of the Kankakee River (see map). Statistical surrogate models were developed to relate continuous turbidity measurements to analyzed concentrations of suspended sediment sampled at these gages. An example comparing the changes in turbidity at the three gages on the Yellow River is shown (see graphs).
As of 2015, the USGS operates two other super gages in the Kankakee Basin-the Kankakee River at Davis, Ind. (05515500), and the Iroquois River at Foresman, Ind. (05524500) (see map). These super gages continuously monitor water-quality characteristics, nitrate concentrations, and streamflow to document changes in response to land-management practices. 
ILLINOIS
Effects of storm runoff and high streamflow on turbidity for three super gages in the Yellow River watershed, Indiana. The greatest increase in turbidity occurs between the sites Oak Grove and Knox, Ind., and high levels persist downstream to the site near Brems, Ind.
Statistical Surrogate Models to Compute Constituent Concentrations and Loads
Most parameters in table 1 also are commonly termed "constituents." Concentrations of water-quality constituents in routine water samples are determined by laboratory analysis. The resulting laboratory analyzed concentrations are then compared to surrogate values measured by continuous in-stream instruments at concurrent times. USGS scientists develop and refine statistical regression models between constituent concentrations and surrogate values for a range of streamflow and constituent conditions. Once a regression model is developed, the in-stream continuous sensor values act as a surrogate to compute continuous constituent concentrations. As an example, turbidity, the clarity of water in a stream, is often used as a surrogate for suspended sediment (see graph). The relation between suspended sediment and turbidity is site specific, but is usually consistent and definable (Rasmussen and others, 2009 ). Surrogate models, as described above, can be developed for various constituents including in-stream nitrate sensor data as a surrogate for total nitrogen, in-stream phosphate analyzer data for total phosphorus, or turbidity and streamflow data combined for total phosphorus.
At super gages, instantaneous constituent loads are computed as the product of the concentrations and streamflow (see graph), typically every 15 minutes. Daily, monthly, and annual summary loads can be computed in pounds per day or tons per year. Watershed yields are computed by dividing summary loads by drainage area, which results in measurements of pounds per square mile per year. • Links to maps of States with gages that have surrogate models to predict constituent concentrations that are not measured directly with in-stream instruments.
• Links to published methods used to develop surrogate models through statistical regression and site specific information.
• Surrogate model data available as plots or tables, with the 90-percent confidence interval for calculated values.
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The U.S. Geological Survey water-quality sentry gages in Indiana and Kentucky are part of a national network.
Quality Control
The USGS uses quality-control protocols to insure that data are accurate, representative of stream conditions, reproducible, and consistently collected.
• A USGS scientist visits each super gage regularly to clean and, if necessary, recalibrate water-quality sensors according to USGS-approved methods. Information collected during site visits is used to quality assure the continuous data record and to provide a data-quality rating for each time period.
• Daily review of the real-time data for each super gage determines that instruments are operating correctly and that malfunctions are resolved promptly.
• Representative water-quality samples and cross-stream water-quality profiles are used to verify that super gage instruments are accurately portraying in stream conditions.
• Surrogate models are developed following USGS guidelines (Rasmussen and others, 2009 ) and undergo a thorough review process.
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Two in-stream nitrate sensors. A, Dirty sensor. B, Clean sensor. Biofouling of in-stream nitrate sensors is managed by regular cleaning and inspection.
